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Abstract: Isoflavones are phenolic compounds with a chemical structure similar to that of estradiol.
They are present in several vegetables, mainly in legumes such as soy, white and red clover, alfalfa and
beans. The most significant food source of isoflavones in humans is soy-derived products. Isoflavones
could be used as an alternative therapy for pathologies dependent on hormonal disorders such as
breast and prostate cancer, cardiovascular diseases, as well as to minimize menopausal symptoms.
According to the results gathered in the present review, it can be stated that there is scientific evidence
showing the beneficial effect of isoflavones on bone health and thus in the prevention and treatment
of osteoporosis on postmenopausal women, although the results do not seem entirely conclusive as
there are discrepancies among the studies, probably related to their experimental designs. For this
reason, the results should be interpreted with caution, and more randomized clinical trials are
required. By contrast, it seems that soy isoflavones do not lead to a meaningful protective effect on
cardiovascular risk. Regarding cancer, scientific evidence suggests that isoflavones could be useful in
reducing the risk of suffering some types of cancer, such as breast and endometrial cancer, but further
studies are needed to confirm these results. Finally, isoflavones could be useful in reducing hot
flushes associated with menopause. However, a limitation in this field is that there is still a great
heterogeneity among studies. Lastly, with regard to isoflavone consumption safety, it seems that they
are safe and that the most common adverse effect is mild and occurs at the gastrointestinal level.

Keywords: isoflavones; flavonoids; phytoestrogens; soy; bone health; cardiovascular risk; cancer;
menopausal symptoms

1. Introduction

Phenolic compounds are secondary metabolites, which are produced by plants as a defense
mechanism against infection, water stress, cold stress, ultraviolet radiation and high visible light,
among others [1,2]. Phenolic compounds, characterized by the presence of a hydroxyl group attached
to at least one aromatic ring, can be classified as flavonoids and non-flavonoids. Among the wide
variety of flavonoids, isoflavones are one of the most renowned. Due to its structural similarity to the
estrogen-like compound 17(3-estradiol (Figure 1), they are referred to as phytoestrogens. Consequently,
isoflavones can have estrogenic or anti-estrogenic effects [3].
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Figure 1. Chemical structure of 173-estradiol. Modified from Wang et al., 2006 [4].

Isoflavones have received attention due to their putative healthy properties. In this sense, it has
been described that both isoflavones and other estrogenic molecules could mediate their beneficial
effects due to two different mechanisms: the classical estrogen receptor (ER)-mediated signaling
pathway and the activation of intracellular pathways such as protein tyrosine kinase, phospholipase C
and mitogen-activated protein kinase (MAPK) [5,6]. In the aforementioned mechanism, it has been
reported that isoflavones bind to both ERx and ERf3, although they present a higher affinity towards
ERp receptors [7]. Moreover, even though the binding affinity of isoflavones to the ER receptors is less
than that of 173-estradiol, they can also act as estrogenic compounds when the endogenous estradiol
is not available [8]. Thus, its consumption, according to epidemiological and clinical studies, has been
postulated to be related to a decrease in the risk of different diseases. The aim of the present review is
to gather the scientific evidence existing nowadays on the main beneficial effects of isoflavones on
health: bone health, cardiovascular risk, cancer and menopausal symptoms. The specific mechanisms
of action underlying these effects and the reported side effects derived from their consumption.

2. Oral Intake and Occurrence

Isoflavones are found in several vegetables, mainly in legumes (Fabaceae family) such as soy,
white and red clover, alfalfa and beans [9,10]. The most significant food source of isoflavones in
humans is soy-derived products, soybeans, soy flour, soy flakes, soy beverages and fermented soy
products such as miso and tempeh, among others [9]. Although smaller in quantity, isoflavones are
also present in chickpeas, nuts, fruits and vegetables [11].

The main isoflavones found in foodstuffs are daidzein, genistein and glycitein, as well as
biochanin A and formononetin [9,12]. Some authors label equol as an isoflavone; however, since it is
a daidzein-derived bacterial metabolite and not a naturally occurring isoflavone, this classification
is not correct [10]. Nevertheless, it is important to consider this metabolite since it is key in the
biological activity of isoflavones [13]. As with other phenolic compounds, isoflavones can be presented
as free forms (aglycones) or conjugated with carbohydrates (glycosides). The latter is the most
common form in foodstuffs, with the exception of fermented soy products, such as miso and tempeh.
In miso and tempeh, the aglycone form is the most abundant one [9]. In soybeans, the three most
abundant isoflavones are present in four chemical forms: aglycone, glycoside, acetylglycoside and
malonylglucoside (Table 1 and Figure 2). The aglycone and conjugate forms of genistein represent up
to 60% of total isoflavones, this being up to 30% in the case of daidzein. The main forms of conjugates
in soybeans are the malonyl derivatives [14].

Table 1. Presence of four chemical forms of the three isoflavones found in soybeans.

Isoflavone Content and Chemical Forms in Soybeans

Aglycones Daidzein, genistein, glycitein
Glycosides Daidzin, genistin, glycitin
Acetylglycosides Acetyldaidzin, acetylgenistin, acetylglycitin

Malonylglycosides =~ Malonyldaidzin, malonylgenistin, malonylglycitin
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Figure 2. The four chemical forms of the three most abundant isoflavones.

With regard to isoflavone content in foodstuffs, it has been observed that in soybeans, the amount
of these phenolic compounds ranges from 1.2 to 4.2 mg per g on dry weight, whereas in red clover,
the amount varies between 10 and 25 mg per g on dry weight [15,16]. Even though red clover has
a greater amount of isoflavones, it is not an edible plant, and it is consumed as a food complement.
Thus, soybean can be considered as the best food source. Isoflavone content in soy-derived products
is usually lower than in soybeans [17]. Importantly, the soy variety, environmental conditions of the
culture and the processing of soybeans notably influence their isoflavone content [18]. Furthermore,
isoflavones are associated with proteins; thus, alcohol extraction and processing diminish isoflavone
content in foodstuffs such as fermented soybean, tofu or soy beverages. By contrast, the total isoflavone
amount is high in soy flour, protein isolate or edamame [19].

Focusing on the overall intake of isoflavones in humans, several studies have reported varied
results. In general terms, it has been observed that in Asian countries where there is high consumption
of soy and its derived foodstuffs, isoflavone intake is high, ranging from 15 to 60 mg/day [20,21],
whereas, in western countries, it is notably lower, around 1-2 mg/day [22-24].

3. Bioavailability

As previously mentioned, soybeans and their derived foodstuffs are the main isoflavone sources
in the human diet, at least if we do not consider red clover extract supplements, which are being widely
used by menopausal women as “nutraceutical therapy” [13]. For this reason, the bioavailability of
isoflavones has been extensively characterized in animal models and humans [25-27].

Isoflavone glycosides have to be hydrolyzed to the aglycone form prior to its absorption by
passive diffusion in the upper small intestine [28]. The enzymes responsible for the hydrolysis
of isoflavone glycosides are glucosidases, which can be produced by the intestinal mucosa or the
microbiota [29]. The enzyme lactase-phlorizin hydrolase (LPH) deglycosylases phenolic compounds
in the intestinal lumen, and after that, the aglycone form enters the epithelial cells by passive diffusion.
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Moreover, sodium-dependent glucose transporter 1 (SGLT1) allows phenolic compound-glycosylates
to directly enter into epithelial cells, where they are hydrolyzed by cytosolic glucosidases [30,31].
Interestingly, in a study conducted by Tamura et al., the authors observed that in individuals without
the LPH enzyme, the concentration of isoflavones and derived metabolites was similar to that found
in individuals without an enzyme deficiency. This finding suggests that bacterial deglycosylation
contributes significantly to isoflavone absorption [32]. Daidzein, genistein and glycitein occur naturally
in the aglycone form, and thus their absorption is faster than that of others.

It has been described that after the oral intake of isoflavones, their peak plasma concentration in
humans occurs at around seven hours [33]. As in the case of other phenolic compounds, genistein and
daidzein undergo phase II xenobiotic metabolism, mainly glucuronidation and sulfation reactions at
4’and/or 7’ positions of the isoflavone ring [34,35]. Produced metabolites appear in plasma at variable
concentrations and can enter enterohepatic circulation [28]. In a study reported by Ko et al., the authors
quantified the plasma concentrations of daidzein, genistein, glycitein and equol in Korean men and
women [36]. After the consumption of around 17 mg of isoflavones per day, the median plasma
concentrations of genistein, glycitein, daidzein and equol were 245.3 ng/mL, 9.8 ng/mL, 86.8 ng/mL
and 12.7 ng/mL, respectively.

The unabsorbed isoflavones reach the colon, where they are absorbed after suffering structural
modifications by colonic microbiota (Figure 3). Daidzein is first converted into dihydrodaidzein,
which is the precursor of both equol and O-demethylangolensin (O-DMA) [37]. Equol has been
considered as the most interesting colonic metabolite due to its beneficial biological activity,
which differs from that of its precursor, daidzein [13,38,39]. In addition, genistein and glycitein are
transformed into dihydrogenistein and dihydroglycitein, respectively, before being further converted
into other metabolites. Nevertheless, the metabolism of formononetin and biochanin A, the main
isoflavones in red clover, has been less studied due to their limited presence in foodstuffs. Anywise,
it has been observed that both isoflavones are demethylated by microbiota, formononetin to daidzein
and biochanin A to genistein. After this, each metabolite undergoes its own metabolic pathway [40].
In addition, it is important to highlight that interindividual differences in gut bacterial populations
are responsible for the diverse effects of isoflavones in humans. While equol production seems to be
similar in animals, it is very variable in humans [41], and therefore, beneficial effects referred to equol
have been observed only in individuals with a specific microbiota composition [38].
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Figure 3. Bacterial metabolites of isoflavones forming in the gut. Modified from Mace et al. and
Rossi et al. [12,42].
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Isoflavone excretion occurs mainly through urine and feces, primarily in the conjugate forms, and
up to 95% takes place in 24 h [43]. In addition, several studies have observed that the urine excretion of
daidzein metabolites is notably higher than that of genistein metabolites [44-46]. In a study conducted
by Karr et al., the authors analyzed the urinary excretion of genistein, daidzein, equol and O-DMA in
fourteen young men and women [47]. They observed that it was dose-dependent at low to moderate
soybean consumption.

4. Biological Activity

Isoflavones could be used as an alternative therapy for pathologies dependent on hormonal
disorders such as breast and prostate cancer, cardiovascular diseases, as well as to minimize menopausal
symptoms. For the development of this section, the meta-analyses and systematic reviews published
between 2015 and 2020 were taken into account.

4.1. Bone Health Maintenance

During menopause, there is a loss of bone density that can cause osteoporosis. In this sense, soy
isoflavones have been proposed as beneficial because, in theory, they may contribute to the maintenance
of good bone health (mass, mineral density and bone structure) in women who are at this stage in their
life. Regarding this topic, three systematic reviews and three meta-analyses were analyzed (Table 2).

Table 2. Effects of isoflavones in bone health maintenance.

Number of Type of .
Authors Studies Studies 2::;23:f f;glt::;g ::;::;i CompD(:)l:;;i and Observed Effects
Included Included 8
Meta-analysis
Moderate
Isoflavones .
(different forms) attenuation of bone
Lambert et al., 2% Randomized 2652 estrogen-deficient Intervention loss, primarily at
2017 [48] Clinical trials women eriod: the level of the
S ?I)) m nth lumbar spine and
=2 Months the femoral neck
Soy isoflavones Prevention of
Akhlaghi et al., Controlled ' 40-300 mg(day osteoporo&g-related
) 52 - 5313 patients Intervention bone loss in any
2019 [49] trials . .
period: weight status or
1 month-3 years  treatment duration
Isoflavone
interventions,
genistein
Isoflavones (54 mg/day) and
Sansai et al., Controlled 6427 postmenopausal (different fc?rms) ipriflavone .
63 . Intervention (600 mg/day) in
2020 [50] trials women . .
period: particular hold
1-36 months great promise in

the prevention and
treatment of bone
mineral density
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Table 2. Cont.

Number of Type of .
Authors Studies Studies g::gz;:f :zr;::;gzntrsi:t?i CompDoun: and Observed Effects
Included Included 8 € ose
Systematic
reviews
Probably they have
beneficial effects on
bone health in
Isoflavones menopausal
Abdi et al, 23 Clinical trials 3494 participants Intervephon women but there
2016 [51] duration: .
are controversial
7 weeks-3 years
reports about
changes in bone
mineral density
Soy isoflavones .
Perna et al., 9 Clinical trials 1379 menopausal and (20-80 mg) and May be protective
2016 [52] postmenopausal women in osteoporosis
equol (10 mg)
1Meta-analysis -
Chen et al, 3 1Systematic 3663 menopausal and Sov isoflavon luiﬁi?ua;cmbc’fn
2019 [53] review and postmenopausal women oy 1sotiavones spine bone

1clinical trial mineral density

In the systematic review reported by Perna et al. (2016), nine studies addressed to menopausal
women and focused on bone health were analyzed [52]. The authors indicated that no consensus
was found regarding the protective effects of soy isoflavones (20-80 mg) and equol (10 mg) on bone
resorption. Abdi et al. (2016) published another systematic review of 23 randomized controlled trials to
determine the effect of soy isoflavone extracts on bone mineral density in postmenopausal women [51].
The conclusion was that isoflavones exerted little influence over bone mineral density and thus over
bone health during menopause, although not all the studies observed the same effect. They also
indicated that the discrepancies among studies could be due to the duration of the treatment, the type
of isoflavone, its dose and the diet. Regarding the effect of specific isoflavones, they suggested that
genistein, alone or in combination with daidzein, improved bone density and bone turnover in women
after menopause. However, the authors stated that they could not reach definitive conclusions due
to, among other reasons, the lack of inclusion in the review of randomized controlled clinical trials
focused on the treatment of osteoporosis in early menopause. In a more recent systematic review,
including two meta-analyses, as well as one multicenter and randomized controlled trial, Chen and his
team concluded that isoflavones reduced lumbar spine bone mineral density loss [53]. It is important
to point out that the spine has a high proportion of trabecular bone and that this is probably the reason
why the spine is thought to be more sensitive to isoflavones.

With regard to the published meta-analysis, the studies included were restricted to randomized
controlled trials. The work reported by Lambertetal. (2017) included 26 trials with 2652 participants [48].
It supports the evidence that isoflavones can moderately attenuate bone resorption in women with low
estrogen levels, primarily at the level of the lumbar spine and the femoral neck. They also note that
the effects of isoflavones are greater when administered as aglycones. This fact was not taken into
account in previous meta-analyses, and thus it may justify the discrepancies amongst them. In this
line, another meta-analysis, which included 52 controlled trials and 5313 patients, shows that soy
isoflavones have beneficial effects on bone mineral density in the femur neck, lumbar spine, and hip,
regardless of body weight or ethnicity [49]. The improvement was greater in treatments lasting more
than one year and in subjects with normal weight, probably because subjects with excessive body
weight have a lesser risk of bone loss. In contrast, the effects on bone resorption biomarkers were more
favorable in overweight or obese women than in women with a healthy weight. Sansai et al. (2020)
carried out their meta-analysis of 63 controlled trials, including 6427 postmenopausal women and
concluded that isoflavones improve bone density at the lumbar spine, femoral neck and the distal
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radius in menopausal women [50]. These positive effects were associated with 54 mg/day of genistein
and 600 mg/day of synthetic isoflavone ipriflavone.

In view of these results, we can conclude that there is scientific evidence that supports the
beneficial effect of isoflavones on bone health and thus in the prevention and treatment of osteoporosis
in postmenopausal women. However, the results do not seem entirely conclusive, for there are
discrepancies among the studies, probably related to their experimental designs. For this reason,
the results should be interpreted with caution, and more randomized clinical trials are required.

Although the mechanisms of action of isoflavones are not completely understood, it seems that
isoflavones not only reduce the rate of bone resorption but also increase the rate of bone formation.
The enhanced bone formation is due to the stimulation of osteoblastic activity mainly through (a) the
activation of estrogen receptors because they bind to nuclear estrogen receptors and exhibit estrogenic
activity due to its similarity to 17p-estradiol, and (b) the promotion of insulin-like growth factor-I
(IGF-I) production [54,55] (Figure 4).

Isoflavones

/\

1 IGF-I T oestrogenic

activity

|

11 osteoablastic activity

!

1 the rate of bone formation
| the rate of bone resorption

IGF-I: Insulin-like growth factor-I
Figure 4. Potential mechanism of action of isoflavones on bone metabolism.

4.2. Cardiovascular Risk

In some Asian countries, isoflavone intake, usually derived from soy consumption, can be
associated with a lower prevalence of cardiovascular diseases (CVDs). In this revision, three systematic
reviews and five meta-analyses were included to explore the association of isoflavones and markers
related to CVDs (Table 3).
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Table 3. Effects of isoflavones in cardiovascular disease-related markers.

8 of 25

Authors

Number of
Studies Included

Type of Studies Included

Number of Participants and
Gender/Age/Characteristics

Compound and Doses

Observed Effects

Meta-analysis

338,541 participants

No association with mortality

Kim and Je, 2017 [56] 13 Prospective studies Age ranging from 40-84 years Intake data not provided
c from CVD
Follow-up period from 4 to 28 years
508,841 participants, 17,269 with No associations between soy
Yan et al., 2017 [57] 17 Prospective cohort.and CVD ex./ents (s.troke, coronary heart Tsoflavones 0.025-53.6 mg/day 1soﬂav9nes consumptlon and risk
case-control studies disease, ischemic stroke) of cardiovascular disease, stroke,
Follow-up period from 6.3 to 16 years and coronary heart disease
548 participants Isoflavones 49.3-118 mg/day Ngg‘:\f}ilgi?tz;ﬁ;?;‘?s;n
Abshirini et al., 2020 [58] 5 Randomized clinical trials (272 case and 276 controls) Intervention period:
. (parameter of
Age not available 1-12 months - -
endothelial function)
Various designs 485 participants Isoflavones 80-118 mg/day
Man et al., 2020 [59] 3 (double-blind, (276 women and 209 men) and 10 mg/d'ay of Sjequol Positive effect f)f soy isoflavones
placebo-controlled, parallel Ace raneine from 35-75 vears Intervention period: on arterial stiffness
design, crossover design) & 5NG y 1 day-12 weeks
Systematic reviews
Reduction in total cholesterol and
Isoflavones 20 to 100 mg/day triglyceride plasma
Perna et al., 2016 [52] 12 Randomized clinical trials 139-1268 menopausal and Intervention period: concentrations
postmenopausal women L .
8 weeks-2 years Reduction in nitric oxide and
malonaldehyde
337 healthy, diabetic or Isoflavones 3 to 102 mg/day ~ Reduction in total cholesterol and
hypercholesterolemic individuals Intervention period: LDL cholesterol
Chalvon-Demersay et al., 17 Randomized clinical trials; Age: 18-74 years 4-208 weeks Changes in systolic or diastolic
2017 [60] 3 nutritional intervention 406 healthy, postmenopausal or Isoflavones 60 to 135 mg/day blood pressure (increase and
obese participants Intervention period: decrease, depending on
Age: 50-79 years 3-12 months the study)
Decreased risk of acute coronary
A 3 L syndrome or coronary
Rienks et al., 2017 [61] 3 Prospective studies 68,748 individuals Follow-up period: up to heart disease

Age: 40-70 years

10 years

No association with
ischemic stroke

CVD: cardiovascular disease, LDL: low-density lipoprotein.
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In their systematic revision, which included 1307 menopausal (n = 139) and post-menopausal
(n = 1268) women, Perna et al. (2016) suggested that a daily intake of soy isoflavones, ranging from
20 to 100 mg/day, reduced total cholesterol and triglyceride plasma concentrations, as well as some
markers of oxidative stress (nitric oxide and malonaldehyde), thus reducing cardiovascular risk [52].
Further, Chalvon-Demersay et al. aimed to compare the effects of animal and plant-sourced proteins
on lipemia and blood pressure [60]. In this systematic review, 123 studies were included, with a
total number of 516,330 participants. The authors found, in a small number of studies (17 studies
including 337 healthy, diabetic or hypercholesterolemic individuals), that a soy protein-based diet
(rich in isoflavones) as compared to animal protein-based diets (meat, milk, casein, whey) resulted in
reduced total cholesterol or LDL-cholesterol concentrations, increased HDL cholesterol concentrations,
improved LDL:HDL cholesterol ratio, and decreased triglycerides. Interestingly, soy protein isolate
(void of isoflavones through alcoholic extraction during the protein solation phase) did not show these
effects. Regarding blood pressure, inconsistent results were reported in three further interventional
studies (1 = 406 healthy, postmenopausal or obese participants aged 50-79 years) either in diastolic or
systolic blood pressure, after a supplementation with soy-protein.

In another systematic review of three observational studies (including 68,748 participants),
low evidence of isoflavones was shown in the prevention of cardiovascular diseases [61]. The authors
concluded that evidence for the role of isoflavones and soy products in the prevention of cardiovascular
diseases was scarce and inconclusive.

Two meta-analyses, which covered prospective cohort studies, showed that soy isoflavone
consumption was not associated significantly with mortality linked to cardiovascular events [56,62].
Indeed, Kim and Je (2017) indicated that a high intake of flavonoids is associated with a reduced risk of
mortality from cardiovascular diseases in men and women [56]. However, when a subgroup analysis
by a class of flavonoids was carried out, they concluded that these inverse associations were significant
for all categories of flavonoids except for isoflavones and flavonols.

Additionally, Yan and co-workers, in their meta-analysis with a total of ten prospective cohorts and
seven case-control studies (including 508,841 participants and 17,269 cardiovascular disease events),
observed that the consumption of soy foods, but not that of isoflavones, was associated with a lower
risk of total cardiovascular disease (including coronary heart disease and stroke) [57]. This fact suggests
that other components, such as fiber in the soy foods, may account for these negative associations.
In like manner, a meta-analysis by Simental-Mendia et al. (2018) showed no effect of soy isoflavones
on plasma concentrations of lipoprotein a (Lpa), a low-density lipoprotein associated with increased
cardiovascular risk due to its pro-thrombotic and atherogenic properties [63].

Lastly, Abshirini et al. (2020) revised the literature to find randomized controlled trials
that evaluated the impact of soy protein supplementation (isoflavone intake ranging from 49.3 to
118 mg/day) on endothelial function parameters in postmenopausal women (n = 802) [58]. Apparently,
soy isoflavones modified adhesion molecules by binding to vascular endothelium and mimicking
the effect of a modulator of estrogen receptors [64]. Furthermore, soy protein has been linked to an
improvement in nitric oxide production and contributes to increased arterial compliance [65]. However,
in the meta-analysis, a minor enhancement in flow-mediated dilation after soy protein supplementation
was found. On the contrary, a systematic review and meta-analysis reported by Man et al. (2020)
revealed that supplementation of soy isoflavones had a positive effect in reducing arterial stiffness,
also known as the loss of arterial elasticity [59]. The physical stiffening of arteries has major health
implications for its connection to various adverse cardiovascular and other health outcomes such as
coronary heart disease, stroke, hypertension or heart failure [66]. However, the authors acknowledged
several limitations to their study, such as the small sample size in the meta-analysis (middle-aged
276 women and 209 men), and recognized that a large number of subjects as well as a lengthier
intervention are needed to investigate whether supplementation of soy isoflavones actually improves
these outcomes.
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Taken as a whole, all these results suggest that soy isoflavones do not lead to a meaningful
protective effect on cardiovascular risk. It follows that additional high-quality, large-scale randomized
controlled trials are needed.

As far as the mechanisms of action involved in the decrease in triglyceride concentration are
concerned, it has been reported that hepatic lipase and/or lipoprotein lipase activity may be increased
as a result of isoflavone presence. Indeed, some authors speculate that hepatic and lipoprotein lipase
activity may have been altered after variable isoflavone intake from soybean, although no experimental
data were provided [67]. Since hepatic lipase and lipoprotein lipase hydrolyze triglycerides into their
constituents glycerol and fatty acids, their activation results in the delivery of the fatty acids to tissues
such as muscle and adipose tissue.

4.3. Cancer

Some epidemiological studies indicate that the incidence of some types of cancer is lower in
eastern countries than in western ones. This fact does not seem to be influenced by genetics since
migrating from eastern to western countries appears to cause the loss of this protective effect. In this
section, 16 meta-analyses have been revised: Nachvack et al. (2019) conducted a meta-analysis where
23 prospective studies with a total of 330,826 participants were included. The authors observed that
soy isoflavone consumption was inversely associated with cancer deaths. Moreover, a higher intake of
soy isoflavones was associated with a lower risk of mortality from gastric, colorectal, and lung cancers.
Indeed, they reported that an increase of 10 mg/day of soy isoflavones consumption was associated
with a 7% lower risk of cancer mortality [62].

Regarding breast cancer (Table 4), the same increase in soy isoflavone intake (10 mg/day) was
related to a 9% lower risk of breast cancer mortality. However, it is important to point out that
the beneficial effects of soy isoflavone consumption have been exhibited by women with estrogen
receptor-negative breast cancer, but not by women with receptor-positive breast cancer, who present
a better prognosis [62]. In this sense, Micek et al. (2020) carried out a meta-analysis with 15 cohort
studies with the aim of exploring the association between isoflavone intake (<62.7 mg/day) and breast
cancer mortality and its recurrence [68]. The authors found a significant inverse association between
isoflavone intake and both overall mortality and breast cancer recurrence. These two associations were
significant for postmenopausal participants. In addition, Qiu et al. (2018) analyzed 12 studies with
37,275 women with breast cancer and reported that soy isoflavone consumption at a pre-diagnosis
stage might have a small effect on the survival of postmenopausal women with breast cancer [69].
However, the authors pointed out several limitations of this study, such as the important source of
heterogeneity in their study. In fact, the number of isoflavones present was very variable among the
different soy food types. Therefore, it is necessary to support these results with additional studies.
Future research in this field should quantify isoflavones as accurately as possible, analyzing larger
cohorts and lengthening the follow-up stage. Moreover, the number of publications grouping women
according to pre- or post-diagnosis intake criteria is small.
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Table 4. Effects of isoflavones in different cancer types.

11 of 25

Authors

Number of Studies
Included
(Meta-Analysis)

Type of Studies Included

Number of Participants and
Gender/Age Characteristics

Compound and Doses

Observed Effects

330,826

Inverse association with cancer deaths.

Nachvack et al, 2019 23 Prospective study (12 studies in both genders Soy/soy products 7% lower risk of gastric, colorectal, and lung
[62] . (10 mg/day) .
and 11 in women) cancer mortality
Breast cancer
Nachvack et al., 2019 330,826 Soy/soy products 9% lower risk of estrogen receptor-negative breast
v 23 Prospective study (12 studies in both genders YISOy p ¢ & P &
[62] . (10 mg/day) cancer mortality
and 11 in women)
. . Inverse association between isoflavone intake and

Micek et al., 2020 [68] 15 Cohort study 49,659 Isoflavone intake (0.0036-62.7 mg/day) both overall mortality and breast cancer recurrence

Qiu et al., 2018 [69] 12 Prospective cohort study 37,275 women Isoflavones (th.e amount varies greatly ~ Pre-diagnosis, soy isoflavone consumption has a poor

among different soy foods) effect on survival of postmenopausal women
Zhao et al., 2019 [70] 16 Prospective cohort study 648,913 (11,169 breast High dietary intake (.)f soy foods (dose Significant reduction of breast cancer risk
cancer cases) non-defined)

. 5 Sample sizes (from 100 to Daidzein, genistein, and equol (dose Daidzein (34%) and genistein (28%) were associated
Rienks et al., 2017 [61] 10 Case-control study 15,688 participants) non-defined) with a lower risk of breast cancer

Endometrial cancer
Zhong et al., 2016 [71] 13 Prospective cohort study 178,947 (7067 cases and Soy products (0.05-130 g/day) and total 19% reduction in endometrial cancer risk.

& v (3) Case-control study (10) 171,880 controls) isoflavones (0.28 to 63 mg/day). Higher reduction in Asian women
Randomized Reduction of the endometrial thickness in North
Liu et al., 2016 [72] 23 - 2167 More than 54 mg isoflavone/day American women (for 0.23 mm). Opposite effect in
controlled trials .
Asian women
Isoflavone consumption (>45 mg/day
Grosso et al,, 2017 [73] 3 Prospective studlgs (3) Non-defined among the Asian population, Potentla-l reduction risk assogated with
Case-control studies (5) and >1 mg/day among the isoflavone consumption
non-Asian population)
Ovarian cancer
Hua et al., 2016 [74] 12 Prospective cohort study 6275 cases and Isoflavone intake (0.01-41 mg/day) 33% reduction in ovarian cancer risk

(5) Case-control study (7)

393,776 controls
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Table 4. Cont.

Authors

Number of Studies
Included
(Meta-Analysis)

Type of Studies Included

Number of Participants and
Gender/Age Characteristics

Compound and Doses Observed Effects

Prostate cancer

Pérez-Cornago et al.,

Cohort prospective study

241 cases and 503 controls
(from Japanese studies), and

Circulating isoflavone concentrations
(nmol/L): Daidzein (Japanese: 115-166;

European: 2.84-3.96) Genistein, daidzein and equol did not affect prostate

2018 [75] 7 @ studlfes from Japan and 2828 cases and 5593 cor}trols Genistein (Japanese: 277-454; European: cancer risk in both Japanese and European men
5 studies from Europe) (from European studies) i :
60-69 vears-old 4.84-5.97), and equol (Japanese: 10.3-24;
y European: 0.25-0.65)
Case-control study (15) Isoflavones were not associated with a reduction of
Applegate et al., 2018 30 Cohort study (8) Nested 266,699 (21,612 patients with Soy foods (<90 mg/day) . p.rost'ate cancer rlsl'< .
[76] prostate cancer) Metabolites (genistein and daidzein) consumption
case-control study (7) . . R .
was associated with a reduction of prostate cancer risk
Sample sizes Daidzein, genistein, and equol (dose 19% reduction in prostate cancer risk was found at
Rienks et al., 2017 [61] 8 Case-control study P L - 8 ¢ q high concentrations of daidzein, but not with
(10-15,688 participants) not defined) L
genistein or equol
Zhang et al., 2017 [77] 23 Case-control study (21) Participants: 11,346 cases and Daidzein, genistein, and equol (dose Daidzein and genistein intakes were associated with a
g v Cohort study (2) 140,177 controls not defined) reduction of prostate cancer risk (no effect with equol)
Colorectal cancer
Case-control study (9) 559,486 (among them 16,917 Foods rich in isoflavones (dose . Rgdgctlgn of colorectal cancer risk.
He et al., 2016 [78] 18 . This association is stronger among postmenopausal
Cohort study (9) colorectal cancer cases) not defined)
women than premenopausal women
Case-control study (13) 23% reduction in colorectal cancer risk.
Yu et al,, 2016 [79] 17 Prospective cohort 272,296 participants Soy.foods (30 mg/day-170 g/day) and Potentlal.protectwe e.ffec't in .the Asian populatlon
study (4) isoflavones (0.014-60 mg/day) (their consumption is higher than in the
¥ Western population)
Inverse association between isoflavone consumption
and colorectal cancer risk in case-control studies, but
Case-control study (9) not in cohort studies.
Jiang et al., 2016 [80] 17 Y 317,599 participants Isoflavones (0.025-74 mg/day). 8% reduction in colorectal neoplasm risk for every
Cohort study (8) . o . .
20 mg/day increase in isoflavone intake (Asian
population) and for every 0.1 mg/day increase
(Western population)
Gastric cancer
. . . No association between isoflavone consumption and
You et al., 2018 [81] 12 Cohort study (6) 596,553 participants Isoflavones (high dose: 0.6-75.5 mg/day; gastric cancer risk with the highest versus the lowest

Case-control study (6)

and low dose: 0.01-20.1 mg/day). categories of dietary isoflavone intake
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Another meta-analysis, conducted by Zhao et al. (2019), included 16 prospective cohort studies
involving 11,169 breast cancer cases and 648,913 participants [70]. The authors studied all possible
correlations between isoflavone consumption and the risk of breast cancer. While a moderate intake of
soy isoflavones did not significantly affect breast cancer risk, a significant reduction was shown when
the intake was high. However, some limitations were found in these prospective studies, such as the
small sample size of the cohorts and the unspecific definition of high, moderate and low isoflavone
intake. Moreover, Rienks et al. (2017) conducted a meta-analysis with ten observational studies to
assess the association between the isoflavone compounds daidzein, genistein and equol, and breast
cancer [61]. The authors indicated that high concentrations of daidzein and genistein (no specific
values concerning these concentrations were available) were related to 34% and 28% reduction in
breast cancer risk, respectively, whereas no association with equol was found. In conclusion, this study
reported some evidence that suggests the beneficial role that daidzein and genistein play in preventing
breast cancer risk. Furthermore, among the four studies of breast cancer recurrence, three studies
found that isoflavone intake decreased the risk of breast cancer recurrence, although further studies
are required to confirm this finding [82].

Endometrial cancer (Table 4), as well as breast cancer, is an estrogen-dependent cancer type related
to high circulating estradiol concentrations. In this line, three meta-analyses were conducted to study
isoflavone consumption and endometrial cancer risk. Zhong et al. (2018) revised 13 epidemiologic
studies involving 178,947 participants: 7067 cases and 171,880 controls; among them, three were
prospective cohort studies, and ten were population-based case-control studies [71]. The authors
reported that isoflavone intake from soy products and legumes was associated with a 19% reduction
in endometrial cancer risk. However, the magnitude of risk reduction in Asian women was slightly
larger than in non-Asian women (22% vs. 18%). Diversely, Liu et al. (2016) analyzed the effect of oral
isoflavone supplementation on endometrial thickness in pre- and post-menopausal women, which is a
biomarker for the proliferative effects of estrogens associated with an increased endometrial risk [72].
For this purpose, 23 studies with 2167 patients were included in this meta-analysis, which showed
that a daily dose of more than 54 mg could decrease the endometrial thickness in North American
women, whereas the contrary effect was observed in the Asian sample. The authors suggested that
this difference could be due to different genetic backgrounds and dietary patterns among Asian and
Western populations. Grosso et al. (2017) carried out a meta-analysis of 143 case-control studies,
where isoflavone intake was associated with endometrial, ovarian, and breast cancers [73]. Regarding
endometrial cancer, three prospective and five case-control studies were analyzed, which suggested a
lower endometrial cancer risk associated with isoflavone consumption. However, more studies are
required to provide stronger evidence.

Hua et al. (2016) conducted a meta-analysis aimed at ovarian cancer, which affects women
exclusively [74]. In this study, five prospective cohort studies and seven case-control studies,
with 6275 cases and 393,776 controls, were included. The results indicated that the isoflavone
intake decreased the ovarian cancer risk by 33%. Therefore, the authors concluded that the intake of
dietary isoflavones paid a protective role against ovarian cancer.

With regard to prostate cancer, it has been proposed that it might be affected by isoflavone
consumption due to its effect on hormone metabolism. Four meta-analyses have been reported to
address this issue. Pérez-Cornago et al. (2018) published a meta-analysis of seven prospective cohort
studies (two studies from Japan with 241 cases and 503 controls, and five studies from Europe with
2828 cases and 5593 controls) [75]. In Japanese men, pre-diagnostic circulating levels of genistein,
daidzein and equol did not significantly affect prostate cancer risk. In the same line, in European men,
isoflavone concentrations did not affect the risk of developing prostate cancer. In the meta-analysis
reported by Applegate et al. (2018), 30 articles were included for analysis; 15 of them were case-control
studies, eight cohort studies and seven nested case-control studies [76]. This meta-analysis included
266,699 participants (21,612 patients with prostate cancer among them). The authors reported that
neither soy food intake nor circulating isoflavones were associated with a reduced risk of prostate
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cancer. However, the intake of specific isoflavones, genistein and daidzein, was indeed significantly
associated with a reduced risk of this type of cancer. The authors suggested that further studies
grouping subjects by isoflavone intake or by the circulating isoflavone levels might enhance this
association. Rienks et al. (2017) also analyzed eight studies of prostate cancer, and they found an
association between isoflavone intake and prostate cancer risk [61]. A significant 19% reduction of
the risk was found at high concentrations of daidzein, but not at genistein or equol concentrations.
Lastly, Zhang et al. (2017) conducted a meta-analysis with 21 case-control studies and two cohort
studies, with a total number of 11,346 cases and 140,177 controls [77]. They observed that daidzein and
genistein intakes were associated with a significant reduction of prostate cancer risk. Nevertheless,
this association was not shown when equol or isoflavones were consumed. Moreover, the authors
suggested that ethnicity could have had influenced this association, but studies with larger sample
sizes are needed to confirm this hypothesis.

Due to the high prevalence of colorectal cancer, three meta-analyses addressing this issue are
included in the present review. He et al. (2016) conducted a meta-analysis of 18 studies involving
16,917 colorectal cancer cases in 559,486 participants [78]. The results showed that a higher regular
intake of foods rich in isoflavones might potentially decrease colorectal cancer incidence. Moreover,
this association was more prominent among postmenopausal women than premenopausal women.
However, the authors suggested that more prospective cohort studies are needed to further investigate
this association and that the quantity of isoflavone intake should be accurately measured because
flavonoid contents in food can vary significantly. In the same line, Yu et al. (2016) published a
meta-analysis of 13 case-control and four prospective cohort studies, where the results revealed that soy
isoflavone consumption reduced the risk of developing colorectal cancer by 23% [79]. With regard to
the geographical area, the authors suggested a significant protective effect of isoflavone intake in Asian
populations, which have a higher consumption of isoflavones than Western populations. For their
meta-analysis, Jiang et al. (2016) included 17 studies (nine case-control studies and eight cohort
studies) [80]. The authors found a statistical inverse association between isoflavone consumption
and colorectal cancer risk in case-control studies, although not in cohort studies. Furthermore,
the dose-response analysis revealed an 8% reduction in colorectal neoplasm risk for every 20 mg/day
increase in isoflavone intake in Asian populations, and for every 0.1 mg/day increase in Western
populations. The difference for isoflavones required to find an effect can be due to variations in the
amount of isoflavone intake between both populations. Thus, whereas Asian populations have an
average isoflavone consumption of >30 mg/day, Western populations consume <1 mg/day [83].

Lastly, the association between dietary isoflavone intake and the risk of developing gastric cancer
has also been analyzed. You et al. (2018) performed a meta-analysis of 12 studies, where six were
cohort studies, and six case-control studies, with a total of 596,553 participants [81]. The results showed
no significant association between isoflavone consumption and gastric cancer risk, with the highest
(0.6-75.5 mg/day) versus the lowest (0.01-20.1 mg/day) categories of dietary isoflavone intake. In this
sense, the authors suggested that the composition of the gut microflora may influence isoflavone
absorption and metabolism and could affect the production of isoflavone metabolites, which, in turn,
could mediate their biological activity.

Overall, evidence regarding the use of isoflavones in cancer prevention suggests that they may
be useful in reducing the risk of suffering from some types of cancer, such as breast and endometrial
cancer, two of the types for which the association between isoflavone intake and cancer risk has been
studied more in-depth. However, all the authors agree that further studies are necessary so as to
confirm these results. Indeed, the dose levels of dietary isoflavones require a better definition, and the
measurements of isoflavone consumption should be provided in quantifiable terms.

With regard to the mechanisms by which isoflavones act to reduce cancer risk, it has been
suggested that the effects are due to the similarity of the isoflavone molecule to estradiol. This chemical
feature confers estrogenic or antiestrogenic effects to isoflavones, depending on the cell type and the
binding to «- or -estrogen receptors. In this regard, it has been reported that isoflavones have a
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higher affinity to the -estrogen receptor [7], which, contrary to the a-estrogen receptor, inhibits cell
proliferation and stimulates apoptosis [84]. Furthermore, isoflavones are able to inhibit aromatase
activity, the enzyme that converts androgen to estrogen. It is also important to mention that isoflavones
could act as potential anticancer compounds due to their antioxidant role in malignant cell proliferation
and differentiation (Figure 5).

Isoflavone

fB-oestrogen Antioxidant role in
receptor m malignant cells
l Androgen  Oestrogen
| cell proliferation l | | cell proliferation ‘
1 apoptosis

Cell proliferation
Figure 5. Possible mechanism of action of isoflavones for cancer prevention.

4.4. Menopausal Symptoms

Menopause is characterized by a decrease in estrogen levels and is often accompanied by a range of
symptoms. Among these, vasomotor symptoms comprising hot flushes and night sweats are the most
common and bothersome, which, in turn, have a negative impact on women’s quality of life. Hormone
replacement therapy has been proven to be effective in reducing vasomotor symptoms, although
isoflavones have gained popularity as an alternative treatment to hormone replacement therapy to
relieve menopausal symptoms. This is mainly due to their potential adverse effects, which range from
increased coronary heart disease to stroke and cancer [53,85]. Concerning this issue, six meta-analyses
and two systematic reviews are included in the present review (Table 5).

The six meta-analyses show a slight improvement in the frequency and intensity of hot flushes.
In the meta-analysis reported by Chen et al. (2015), the authors examined the efficacy of phytoestrogens
in reducing hot flushes [86]. The meta-analysis included 15 studies in which the number of participants
ranged from 30 to 252. The mean age of women ranged from 49 to 58.3 and 48 to 60.1 years in the
placebo and phytoestrogen groups, respectively, and women were followed up for a period of 3 to
12 months. Isoflavones were the phytoestrogens used in most of the studies; therefore, the meta-analysis
only included outcomes regarding isoflavones, while outcomes with other phytoestrogens were not
included. Ten studies reported a significant reduction in hot flush frequency in the phytoestrogen group
when compared with the placebo group. Moreover, five studies reported side-effect data, and after the
analysis, no significant differences were observed between the two groups.
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Number of Studies Type of Studies Number of Participants and
Authors Included Included Gender/Age/Characteristics Compound and Doses Observed Effects
Meta-analysis
30-252 perimenopausal or
postmenopausal women/report . .
Chen et al., 2015 [86] 15 RCT (1753 in total) Intelf,(;frlj;;in8230}1903?11%/$gmhs fIr{ee dl?:rtllcon(si holtafc]:elsg)
49-58.3 years (placebo group) P ’ q yvs-p
48-60.1 years (phytoestrogen group)
. Soy isoflavones 30-200 mg/day . .
Lietal., 2015 [87] 16 RCT 24-236 women/report (median 90) Intervention period: 4 weeks—2 years Slight and slow attenuatl'on of
40-65 years (median 12 weeks) hot flushes (vs. estradiol)
SSRIs/SNRIs: 7.5-200 mg/day
. Gabap?n'tm: 300-1800 meg/day Slight and slow attenuation of
. 24-620 women/report (median 200) Clonidine: 0.1-0.4 mg/day
Li et al., 2016 [88] 39 RCT . . A hot flushes
Age not available Soy isoflavones: 30-200 mg/day (vs. non-hormonal drugs)
Intervention period: 2-96 weeks ’ &
(average 12 weeks)

728 menopausal women Soy 1soﬂavors1§s: S)i;igg;;g/day and 68 Equol or isoflavone in

Daily et al., 2019 [85] 5 RCT (total subjects) Equ};l' 10 mg dzy equol-producers more effective
50.5-58.8 years (mean) Intervention period: not available than placebo
Reduction of VSM
4165 menopausal women (hot flushes and night sweats)
Sarri et al., 2017 [89] 32 RCT (total subjects) ISOHS:‘)I(??::r?(r)ltdatljiila(bclz?%h compared to placebo
45+ years No beneficial effect
(vs. pharmacological treatment)

Dietary soy isoflavones: 42-90 mg/day Reduction of hot flush
g . Supplements and extracts of soy frequency by means of dietary
Franco et al., 2016 [90] 17 RCT 30-252 women/trial isoflavones: 10-100 mg/day isoflavones and supplements)

40-69 years

Red clover: 40-160 mg/day
Intervention period: 12-48 weeks

Reduction of night sweat
frequency by red clover
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Number of Studies Type of Studies Number of Participants and
Authors Included Included Gender/Age/Characteristics Compound and Doses Observed Effects
Systematic reviews
Beneficial effects of isoflavones
(vs. placebo)
RCT (9) Synthetic or combination of
Prospective study (2) . isoflavones more effective than
. . Soy (soy nut, soy protein, soy extracts)
Systematic review (2) 51-403 menopausal and : natural soy
Chen et al., 2019 [86] 15 . Natural isoflavones .
Randomized postmenopausal women HRT more effective than soy or

crossover trial (1)
Meta-analysis (2)

Synthetic isoflavones

its extracts
Isoflavone in equol-producers
or equol supplementation more
effective than placebo.

Perna et al., 2016 [52]

40-403 menopausal and

RCT
postmenopausal women

Isoflavones 50-120 mg/day
Intervention period: 8 weeks-2 years

Reduction of hot
flush frequency

HRT: hormone replacement therapy, RCT: randomized controlled trial, VSM: vasomotor symptoms.
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Similarly, Li et al. (2015) concluded that soy isoflavones have both a slight and slow effect in
attenuating menopausal hot flushes [87]. A total of 16 studies were included in their meta-analysis
with a range of 24 to 236 subjects. Study duration ranged from four weeks to two years, with a median
of 12 weeks. The dose of isoflavones ranged from 30 to 200 mg/day. Despite the positive effect of
isoflavones, the authors emphasized that the effects took a long time to appear. Estradiol, which has
proven efficacy on hot flushes, needs 3.09 weeks to achieve half of its peak activity, while isoflavones
require 13.4 weeks, suggesting that 12 weeks of treatment is not enough for soy isoflavones to exert
a beneficial effect. The same results were reported in another meta-analysis published by the same
authors a year later (Li et al., 2016), when they compared the efficacy of several non-hormonal drugs
on hot flushes, including selective serotonin reuptake inhibitors (SSRIs), serotonin—norepinephrine
reuptake inhibitors (SNRIs), gabapentin, clonidine and soy isoflavones [88]. Thirty-nine studies were
included with a sample size of 200 women per trial, in which the intervention period ranged from two
to 96 weeks (median 12 weeks). As in the previous study, the onset of soy isoflavones was very slow in
comparison with other non-hormonal treatments. Specifically, the time to achieve half of the efficacy
was 11.6 weeks for soy isoflavones, while for the rest of the compounds, the onset time was near
0 weeks. They also explained that the differences between isoflavones and the rest of the drugs might
be because the latter act by modulating central neurotransmitters and, as a consequence, by regulating
the central thermoregulatory centers in the hypothalamus. In contrast, it seems that isoflavones do not
act on central neurotransmitters directly. This difference could explain the slow effect of isoflavones in
alleviating hot flushes.

Daily et al. (2019) studied whether equol supplementation could benefit equol nonproducer
subjects in lowering the incidence and severity of hot flushes [85]. Equol is produced from the
isoflavone daidzein by intestinal bacteria, mainly in the large intestine. Their meta-analysis included
five studies with a total of 728 menopausal women between 50.5 and 58.5 years old and concluded that
women who are not able to produce equol could benefit from equol supplementation. On the contrary,
women who were already equol producers did not obtain any additional benefit from supplements of
equol or isoflavones.

Another meta-analysis explored the effects of several pharmacological and non-pharmacological
treatments in the relief of vasomotor symptoms, taking into account not only hot flushes but also night
sweats [89]. Non-pharmacological treatments included isoflavones, which appeared to be better than
placebo in the relief of vasomotor symptoms, although not significantly better than the treatment with
estradiol and progesterone. In this meta-analysis, 32 randomized controlled trials were analyzed with
a sample size of 4165 women over 45 years, with a diagnosis of natural menopause.

Franco et al. (2016) also studied whether there was an association between different types of
interventions and the reduction in hot flushes and night sweats [90]. They performed a separated
meta-analysis for each of the interventions, including dietary soy isoflavones (including four studies),
supplements and extracts of soy isoflavones (including six studies) and red clover isoflavones
(including seven studies). They found that the use of dietary isoflavones or supplements and extracts
was associated with an improvement in hot flushes, but not with a reduction in the frequency of night
sweats. In contrast, red clover was not associated with changes in the hot flush frequency. Only one
study examined the effects of red clover on night sweats, and a significant association was found,
which showed a decreased frequency in night sweats.

The two systematic reviews conclude that isoflavones have an important role in reducing hot
flushes [52,53], although some observations need to be pointed out. Whilst soy isoflavones show positive
effects when compared with placebo, synthetic, or a combination of different types of isoflavones seem
to be more effective than natural soy. When a group receiving hormone replacement therapy was
included in the study, significant differences between the effects of hormone replacement therapy and
soy were found, being the effect of the former superior to that of isoflavones. Two of the studies also
revealed that women who were able to produce equol or who had received equol supplementation
could have had a greater benefit from isoflavones [53]. Perna et al. (2016) reviewed seven studies and



Nutrients 2020, 12, 3853 19 of 25

concluded that the evidence supports the fact that isoflavones, at a dose of 50-20 mg/day, decrease the
frequency of hot flushes [52].

In general, evidence regarding the use of isoflavones on vasomotor symptoms suggests that
they could be useful in reducing hot flushes. However, there is still a great heterogeneity among
studies, which makes the current data inconclusive. Regarding the mechanisms by which isoflavones
act to alleviate vasomotor symptoms, is has been proposed that they bind to estrogen receptors and
activate endothelial nitric oxide synthase (eNOS) transcription, leading to eNOS synthesis and nitric
oxide production, the main mediator of vasodilatation, which allows cutaneous heat dissipation [91]
(Figure 6).

1 Vasodilatation

}

1 Cutaneous heat dissipation

eNOS: endothelial nitric oxide synthase
NO: nitric oxide

Figure 6. Possible mechanism of action of isoflavones for menopausal symptoms.

5. Side Effects and Safety

Potential health adverse effects in the intake of isoflavones have been postulated due to their
estrogenic activity, especially in relation to breast cancer. However, it is important to mention that this
connection has been established based on pre-clinical studies, whereas data derived from clinical trials
have not demonstrated such association [92]. In fact, in 2015, in relation to the possible adverse effects on
the mammary gland, uterus and thyroid, the European Food Safety Agency (EFSA) offered a scientific
opinion with regards to the assessment of potential increased risk in peri- and postmenopausal women
who took food supplements that contained isolated isoflavones. After an extensive bibliographical
review, the expert panel concluded that the results of observational studies do not support the
hypothesis of an increased risk of breast cancer after isoflavone-rich food supplement intake [93].
Moreover, an increase in thyroid hormone levels after isoflavone intake by food supplements has
not been observed, and no side effects were confirmed with regard to the endometrial thickness or
histopathological changes in the uterus. Thus, the EFSA scientific committee’s opinion agreed that
isoflavone intake was safe, at least in the doses that the analyzed studies have used. In any case,
it is important to bear in mind that a great number of expert scientists and doctors think that breast
cancer survivors should not increase their isoflavone intake [94], although others consider that their
consumption is safe and beneficial [95]. In general terms, caution should be exercised with the use of
high doses of isoflavones in women with a family history of breast cancer [49].
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Finally, it is important to mention that despite the fact that potential isoflavone adverse effects have
been widely studied, little is known about the side effect of the bacterial metabolite equol. As it has
been stated in the Bioavailability section, microbiota composition in humans makes equol production
very variable, which yields high interindividual differences. Reproductive and developmental toxicity
studies have stated that 1 g and 2 g of equol per day is safe [96], although further studies are
required [92].

6. Concluding Remarks

In view of the results gathered in the present review, we can conclude that there is scientific
evidence that reveals the beneficial effect of isoflavones on bone health and thus in the prevention and
treatment of osteoporosis in postmenopausal women. Nevertheless, the results do not seem entirely
conclusive, as there are discrepancies among the studies included in the systematic reviews and in the
meta-analyses, probably related to their experimental designs. For this reason, the results should be
interpreted with caution, and more randomized clinical trials are imperative. By contrast, it seems
that soy isoflavones do not lead to a meaningful protective effect on cardiovascular risk. Regarding
cancer, scientific evidence suggests that isoflavones could be useful in reducing the risk of suffering
from some types of cancer, such as breast and endometrial cancer, although further studies are needed
to confirm these results. In the end, isoflavones could be useful in reducing hot flushes associated with
menopause. However, a limitation in this field is that there is still a great heterogeneity among studies.
Altogether, these results show that further studies are needed in order to find stronger conclusions.

Considering the isoflavone chemical structure, potential health adverse effects of these compounds
related to their estrogenic activity have been postulated, despite the scientific opinion offered by EFSA
indicating that isoflavone intake was safe.

Author Contributions: Conceptualization, S.G.-Z.; Writing—Original Draft Preparation, S.G.-Z., M.G.-A., A.F-Q.,
LE. and ].T.; Writing—Review and Editing, M.P.P,, S.G.-Z,, L.E. and ].T.; Project Administration, M.P.P,; Funding
Acquisition, M.P.P. and A.F.-Q. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by Instituto de Salud Carlos III (CIBERobn) under Grant CB12/03/30007,
Basque Government under Grant PA20/04 and the University of the Basque Country under Grant GIU18-173.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Winkel-Shirley, B. Biosynthesis of flavonoids and effects of stress. Curr. Opin. Plant. Biol. 2002, 5, 218-223.
[CrossRef]

2. Treutter, D. Significance of flavonoids in plant resistance and enhancement of their biosynthesis. Plant Biol.
2005, 7, 581-591. [CrossRef] [PubMed]

3.  Sirotkin, A.V,; Harrath, A.H. Phytoestrogens and their effects. Eur. |. Pharmacol. 2014, 741, 230-236. [CrossRef]
[PubMed]

4. Wang, X.; Dykens, J.A.; Perez, E.; Liu, R.; Yang, S.; Covey, D.F,; Simpkins, ].W. Neuroprotective effects of
17beta-estradiol and nonfeminizing estrogens against H,O, toxicity in human neuroblastoma SK-N-SH cells.
Mol. Pharmacol. 2006, 70, 395-404. [CrossRef]

5. Endoh, H,; Sasaki, H.; Maruyama, K.; Takeyama, K.; Waga, I.; Shimizu, T.; Kato, S.; Kawashima, H. Rapid
activation of MAP kinase by estrogen in the bone cell line. Biochem. Biophys. Res. Commun. 1997, 235, 99-102.
[CrossRef] [PubMed]

6. Lu, D, Giguere, V. Requirement of Ras-dependent pathways for activation of the transforming growth factor
beta3 promoter by estradiol. Endocrinology 2001, 142, 751-759. [CrossRef]

7. Sotoca, A.M.; van den Berg, H.; Vervoort, J.; van der Saag, P.; Strom, A.; Gustafsson, J.A.; Rietjens, I.; Murk, A.].
Influence of cellular ERalpha/ERbeta ratio on the ERalpha-agonist induced proliferation of human T47D
breast cancer cells. Toxicol. Sci. 2008, 105, 303-311. [CrossRef]

8. Messina, M.]. Legumes and soybeans: Overview of their nutritional profiles and health effects. Am. J.
Clin. Nutr. 1999, 70, 4395-450S. [CrossRef]


http://dx.doi.org/10.1016/S1369-5266(02)00256-X
http://dx.doi.org/10.1055/s-2005-873009
http://www.ncbi.nlm.nih.gov/pubmed/16388461
http://dx.doi.org/10.1016/j.ejphar.2014.07.057
http://www.ncbi.nlm.nih.gov/pubmed/25160742
http://dx.doi.org/10.1124/mol.106.022384
http://dx.doi.org/10.1006/bbrc.1997.6746
http://www.ncbi.nlm.nih.gov/pubmed/9196043
http://dx.doi.org/10.1210/endo.142.2.7937
http://dx.doi.org/10.1093/toxsci/kfn141
http://dx.doi.org/10.1093/ajcn/70.3.439s

Nutrients 2020, 12, 3853 21 of 25

10.
11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Zaheer, K.; Humayoun Akhtar, M. An updated review of dietary isoflavones: Nutrition, processing,
bioavailability and impacts on human health. Crit. Rev. Food Sci. Nutr. 2017, 57, 1280-1293. [CrossRef]
K¥izova, L.; Dadakova, K.; Kasparovskd, J.; Kasparovsky, T. Isoflavones. Molecules 2019, 24, 1076. [CrossRef]
Bustamante-Rangel, M.; Delgado-Zamarrefio, M.M.; Perez-Martin, L., Rodriguez-Gonzalo, E.;
Dominguez-Alvarez, J. Analysis of isoflavones in Foods. Compr. Rev. Food Sci. Food Saf. 2018, 17, 391-411.
[CrossRef]

Rossi, M.; Amaretti, A.; Roncaglia, R.; Leonardi, A.; Raimondi, S. Dietary isoflavones and dietary microbiota:
Metabolism and transformation into bioactive compounds. In Isoflavones Biosynthesis, Occurence and Health
Effects; Thompson, M.]., Ed.; Nova Science Publishers: Hauppauge, NY, USA, 2010; pp. 137-161.

Setchell, K.D.; Brown, N.M.; Lydeking-Olsen, E. The clinical importance of the metabolite equol-a clue to the
effectiveness of soy and its isoflavones. J. Nutr. 2002, 132, 3577-3584. [CrossRef] [PubMed]

Collison, M.W. Determination of total soy isoflavones in dietary supplements, supplement ingredients,
and soy foods by high-performance liquid chromatography with ultraviolet detection: Collaborative study.
J. AOAC Int. 2008, 91, 489-500. [CrossRef] [PubMed]

Kurzer, M.S.; Xu, X. Dietary phytoestrogens. Annu. Rev. Nutr. 1997, 17, 353-381. [CrossRef] [PubMed]
Saloniemi, H.; Wahaild, K.; Nykdnen-Kurki, P; Kallela, K.; Saastamoinen, I. Phytoestrogen content and
estrogenic effect of legume fodder. Proc. Soc. Exp. Biol. Med. 1995, 208, 13-17. [CrossRef] [PubMed]

Rizzo, G.; Baroni, L. Soy, Soy Foods and Their Role in Vegetarian Diets. Nutrients 2018, 10, 43. [CrossRef]
Bhathena, S.J.; Velasquez, M.T. Beneficial role of dietary phytoestrogens in obesity and diabetes. Am. J.
Clin. Nutr. 2002, 76, 1191-1201. [CrossRef]

U.S. Department of Agriculture. Database for the Isoflavone Content of Selected Foods, Release 2.0.
Available online: https://data.nal.usda.gov/dataset/usda-database-isoflavone-content-selected-foods-release-
20 (accessed on 21 September 2020).

Messina, M.; Nagata, C.; Wu, A.H. Estimated Asian adult soy protein and isoflavone intakes. Nutr. Cancer
2006, 55, 1-12. [CrossRef]

Jun, S;; Shin, S.; Joung, H. Estimation of dietary flavonoid intake and major food sources of Korean adults.
Br. ]. Nutr. 2016, 115, 480-489. [CrossRef]

van Erp-Baart, M.A.; Brants, H.A.; Kiely, M.; Mulligan, A.; Turrini, A.; Sermoneta, C.; Kilkkinen, A.;
Valsta, L.M. Isoflavone intake in four different European countries: The VENUS approach. Br. |. Nutr. 2003,
89 (Suppl. 1), S25-530. [CrossRef]

van der Schouw, Y.T.; Kreijkamp-Kaspers, S.; Peeters, P.H.; Keinan-Boker, L.; Rimm, E.B.; Grobbee, D.E.
Prospective study on usual dietary phytoestrogen intake and cardiovascular disease risk in Western women.
Circulation 2005, 111, 465-471. [CrossRef] [PubMed]

Valsta, L.M.; Kilkkinen, A.; Mazur, W.; Nurmi, T.; Lampi, A.M.; Ovaskainen, M.L.; Korhonen, T,
Adlercreutz, H.; Pietinen, P. Phyto-oestrogen database of foods and average intake in Finland. Br. J. Nutr.
2003, 89 (Suppl. 1), S31-538. [CrossRef]

Lund, S.; Holman, G.D.; Schmitz, O.; Pedersen, O. Contraction stimulates translocation of glucose transporter
GLUT4 in skeletal muscle through a mechanism distinct from that of insulin. Proc. Natl. Acad. Sci. USA
1995, 92, 5817-5821. [CrossRef] [PubMed]

Chang, H.H.; Robinson, A.R.; Common, R.H. Excretion of radioactive diadzein and equol as monosulfates
and disulfates in the urine of the laying hen. Can. J. Biochem. 1975, 53, 223-230. [CrossRef] [PubMed]
Heinonen, S.; Wihald, K.; Adlercreutz, H. Identification of isoflavone metabolites dihydrodaidzein,
dihydrogenistein, 6’-OH-O-dma, and cis-4-OH-equol in human urine by gas chromatography-mass
spectroscopy using authentic reference compounds. Anal. Biochem. 1999, 274, 211-219. [CrossRef]
[PubMed]

Barnes, S. The biochemistry, chemistry and physiology of the isoflavones in soybeans and their food products.
Lymphat. Res. Biol. 2010, 8, 89-98. [CrossRef]

Day, A.].; Canada, EJ.; Diaz, ].C.; Kroon, P.A.; Mclauchlan, R.; Faulds, C.B.; Plumb, G.W.; Morgan, M.R.;
Williamson, G. Dietary flavonoid and isoflavone glycosides are hydrolysed by the lactase site of lactase
phlorizin hydrolase. FEBS Lett. 2000, 468, 166-170. [CrossRef]

Cheynier, V.; Sarni-Manchado, P.; Quideau, S. (Eds.) Recent Advances in Polyphenol Research; Wiley-Blackwell:
Hoboken, NJ, USA, 2012; Volume 3.


http://dx.doi.org/10.1080/10408398.2014.989958
http://dx.doi.org/10.3390/molecules24061076
http://dx.doi.org/10.1111/1541-4337.12325
http://dx.doi.org/10.1093/jn/132.12.3577
http://www.ncbi.nlm.nih.gov/pubmed/12468591
http://dx.doi.org/10.1093/jaoac/91.3.489
http://www.ncbi.nlm.nih.gov/pubmed/18567292
http://dx.doi.org/10.1146/annurev.nutr.17.1.353
http://www.ncbi.nlm.nih.gov/pubmed/9240932
http://dx.doi.org/10.3181/00379727-208-43825
http://www.ncbi.nlm.nih.gov/pubmed/7892287
http://dx.doi.org/10.3390/nu10010043
http://dx.doi.org/10.1093/ajcn/76.6.1191
https://data.nal.usda.gov/dataset/usda-database-isoflavone-content-selected-foods-release-20
https://data.nal.usda.gov/dataset/usda-database-isoflavone-content-selected-foods-release-20
http://dx.doi.org/10.1207/s15327914nc5501_1
http://dx.doi.org/10.1017/S0007114515004006
http://dx.doi.org/10.1079/BJN2002793
http://dx.doi.org/10.1161/01.CIR.0000153814.87631.B0
http://www.ncbi.nlm.nih.gov/pubmed/15687135
http://dx.doi.org/10.1079/BJN2002794
http://dx.doi.org/10.1073/pnas.92.13.5817
http://www.ncbi.nlm.nih.gov/pubmed/7597034
http://dx.doi.org/10.1139/o75-031
http://www.ncbi.nlm.nih.gov/pubmed/1125810
http://dx.doi.org/10.1006/abio.1999.4279
http://www.ncbi.nlm.nih.gov/pubmed/10527518
http://dx.doi.org/10.1089/lrb.2009.0030
http://dx.doi.org/10.1016/S0014-5793(00)01211-4

Nutrients 2020, 12, 3853 22 of 25

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Gee, ].M.; DuPont, M.S.; Day, A.].; Plumb, G.W.; Williamson, G.; Johnson, L.T. Intestinal transport of quercetin
glycosides in rats involves both deglycosylation and interaction with the hexose transport pathway. J. Nutr.
2000, 130, 2765-2771. [CrossRef]

Tamura, A.; Shiomi, T.; Hachiya, S.; Shigematsu, N.; Hara, H. Low activities of intestinal lactase suppress the
early phase absorption of soy isoflavones in Japanese adults. Clin. Nutr. 2008, 27, 248-253. [CrossRef]
Sfakianos, J.; Coward, L.; Kirk, M.; Barnes, S. Intestinal uptake and biliary excretion of the isoflavone genistein
in rats. J. Nutr. 1997, 127, 1260-1268. [CrossRef]

Ronis, M.J.; Little, ].M.; Barone, G.W.; Chen, G.; Radominska-Pandya, A.; Badger, T.M. Sulfation of the
isoflavones genistein and daidzein in human and rat liver and gastrointestinal tract. J. Med. Food 2006,
9, 348-355. [CrossRef] [PubMed]

Hosoda, K.; Furuta, T.; Yokokawa, A.; Ishii, K. Identification and quantification of daidzein-7-
glucuronide-4’-sulfate, genistein-7-glucuronide-4’-sulfate and genistein-4’,7-diglucuronide as major
metabolites in human plasma after administration of kinako. Anal. Bioanal. Chem. 2010, 397, 1563-1572.
[CrossRef] [PubMed]

Ko, K.P,; Kim, C.S.; Ahn, Y.; Park, S.J.; Kim, Y.J.; Park, ].K.; Lim, Y.K.; Yoo, K.Y.; Kim, S.S. Plasma isoflavone
concentration is associated with decreased risk of type 2 diabetes in Korean women but not men: Results from
the Korean Genome and Epidemiology Study. Diabetologia 2015, 58, 726-735. [CrossRef] [PubMed]

Gaya, P; Medina, M.; Sanchez-Jiménez, A.; Landete, ]. M. Phytoestrogen Metabolism by Adult Human Gut
Microbiota. Molecules 2016, 21, 1034. [CrossRef]

Atkinson, C.; Frankenfeld, C.L.; Lampe, ].W. Gut bacterial metabolism of the soy isoflavone daidzein:
Exploring the relevance to human health. Exp. Biol. Med. 2005, 230, 155-170. [CrossRef]

Ingram, D.; Sanders, K.; Kolybaba, M.; Lopez, D. Case-control study of phyto-oestrogens and breast cancer.
Lancet 1997, 350, 990-994. [CrossRef]

Batterham, T.J.; Shutt, D.A.; Braden, A.W.H.; Tweeddale, H.]. Metabolism of intraruminally administered
[4-14C]formononetic and [4-1*C]biochanin a in sheep. Aust. J. Agric. Res. 1971, 22, 131-138. [CrossRef]
Murota, K.; Nakamura, Y.; Uehara, M. Flavonoid metabolism: The interaction of metabolites and gut
microbiota. Biosci. Biotechnol. Biochem. 2018, 82, 600-610. [CrossRef]

Mace, T.A.; Ware, M.B.; King, S.A.; Loftus, S.; Farren, M.R.; McMichael, E.; Scoville, S.; Geraghty, C.; Young, G.;
Carson, W.E; et al. Soy isoflavones and their metabolites modulate cytokine-induced natural killer cell
function. Sci. Rep. 2019, 9, 5068. [CrossRef]

Adlercreutz, H.; Markkanen, H.; Watanabe, S. Plasma concentrations of phyto-oestrogens in Japanese men.
Lancet 1993, 342, 1209-1210. [CrossRef]

Lu, L.J.; Anderson, K.E. Sex and long-term soy diets affect the metabolism and excretion of soy isoflavones in
humans. Am. |. Clin. Nutr. 1998, 68, 1500S-1504S. [CrossRef] [PubMed]

Kelly, G.E.; Nelson, C.; Waring, M.A.; Joannou, G.E.; Reeder, A.Y. Metabolites of dietary (soya) isoflavones in
human urine. Clin. Chim. Acta 1993, 223,9-22. [CrossRef]

Watanabe, S.; Yamaguchi, M.; Sobue, T.; Takahashi, T.; Miura, T.; Arai, Y.; Mazur, W.; Wahal4, K,;
Adlercreutz, H. Pharmacokinetics of soybean isoflavones in plasma, urine and feces of men after ingestion of
60 g baked soybean powder (kinako). J. Nutr. 1998, 128, 1710-1715. [CrossRef] [PubMed]

Karr, S.C.; Lampe, ].W.; Hutchins, A.M.; Slavin, J.L. Urinary isoflavonoid excretion in humans is dose
dependent at low to moderate levels of soy-protein consumption. Am. J. Clin. Nutr. 1997, 66, 46-51.
[CrossRef] [PubMed]

Lambert, M.N.T.; Hu, L.M.; Jeppesen, P.B. A systematic review and meta-analysis of the effects of isoflavone
formulations against estrogen-deficient bone resorption in peri- and postmenopausal women. Am. J.
Clin. Nutr. 2017, 106, 801-811. [CrossRef]

Akhlaghi, M.; Ghasemi Nasab, M.; Riasatian, M.; Sadeghi, F. Soy isoflavones prevent bone resorption and
loss, a systematic review and meta-analysis of randomized controlled trials. Crit. Rev. Food Sci. Nutr. 2020,
60, 2327-2341. [CrossRef]

Sansai, K.; Na Takuathung, M.; Khatsri, R.; Teekachunhatean, S.; Hanprasertpong, N.; Koonrungsesomboon, N.
Effects of isoflavone interventions on bone mineral density in postmenopausal women: A systematic review
and meta-analysis of randomized controlled trials. Osteoporos. Int. 2020, 31, 1853-1864. [CrossRef]


http://dx.doi.org/10.1093/jn/130.11.2765
http://dx.doi.org/10.1016/j.clnu.2007.12.001
http://dx.doi.org/10.1093/jn/127.7.1260
http://dx.doi.org/10.1089/jmf.2006.9.348
http://www.ncbi.nlm.nih.gov/pubmed/17004897
http://dx.doi.org/10.1007/s00216-010-3714-8
http://www.ncbi.nlm.nih.gov/pubmed/20437034
http://dx.doi.org/10.1007/s00125-014-3463-x
http://www.ncbi.nlm.nih.gov/pubmed/25533387
http://dx.doi.org/10.3390/molecules21081034
http://dx.doi.org/10.1177/153537020523000302
http://dx.doi.org/10.1016/S0140-6736(97)01339-1
http://dx.doi.org/10.1071/AR9710131
http://dx.doi.org/10.1080/09168451.2018.1444467
http://dx.doi.org/10.1038/s41598-019-41687-z
http://dx.doi.org/10.1016/0140-6736(93)92188-Y
http://dx.doi.org/10.1093/ajcn/68.6.1500S
http://www.ncbi.nlm.nih.gov/pubmed/9848524
http://dx.doi.org/10.1016/0009-8981(93)90058-C
http://dx.doi.org/10.1093/jn/128.10.1710
http://www.ncbi.nlm.nih.gov/pubmed/9772140
http://dx.doi.org/10.1093/ajcn/66.1.46
http://www.ncbi.nlm.nih.gov/pubmed/9209168
http://dx.doi.org/10.3945/ajcn.116.151464
http://dx.doi.org/10.1080/10408398.2019.1635078
http://dx.doi.org/10.1007/s00198-020-05476-z

Nutrients 2020, 12, 3853 23 of 25

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Abdi, F; Alimoradi, Z.; Haqi, P.; Mahdizad, F. Effects of phytoestrogens on bone mineral density during the
menopause transition: A systematic review of randomized, controlled trials. Climacteric 2016, 19, 535-545.
[CrossRef]

Perna, S.; Peroni, G.; Miccono, A.; Riva, A.; Morazzoni, P.; Allegrini, P; Preda, S.; Baldiraghi, V.; Guido, D.;
Rondanelli, M. Multidimensional Effects of Soy Isoflavone by Food or Supplements in Menopause Women:
A Systematic Review and Bibliometric Analysis. Nat. Prod. Commun. 2016, 11, 1733-1740. [CrossRef]
Chen, L.R.; Ko, N.Y,; Chen, K.H. Isoflavone Supplements for Menopausal Women: A Systematic Review.
Nutrients 2019, 11, 2649. [CrossRef]

Arjmandi, B.H.; Smith, B.J. Soy isoflavones’ osteoprotective role in postmenopausal women: Mechanism of
action. J. Nutr. Biochem. 2002, 13, 130-137. [CrossRef]

Chadha, R.; Bhalla, Y,; Jain, A.; Chadha, K.; Karan, M. Dietary Soy Isoflavone: A Mechanistic Insight.
Nat. Prod. Commun. 2017, 12, 627-634. [CrossRef] [PubMed]

Kim, Y; Je, Y. Flavonoid intake and mortality from cardiovascular disease and all causes: A meta-analysis of
prospective cohort studies. Clin. Nutr. ESPEN 2017, 20, 68-77. [CrossRef]

Yan, Z.; Zhang, X.; Li, C.; Jiao, S.; Dong, W. Association between consumption of soy and risk of cardiovascular
disease: A meta-analysis of observational studies. Eur. ]. Prev. Cardiol. 2017, 24, 735-747. [CrossRef]
[PubMed]

Abshirini, M.; Omidian, M.; Kord-Varkaneh, H. Effect of soy protein containing isoflavones on endothelial
and vascular function in postmenopausal women: A systematic review and meta-analysis of randomized
controlled trials. Menopause 2020, 12, 1425-1433. [CrossRef] [PubMed]

Man, B; Cui, C.; Zhang, X.; Sugiyama, D.; Barinas-Mitchell, E.; Sekikawa, A. The effect of soy isoflavones on
arterial stiffness: A systematic review and meta-analysis of randomized controlled trials. Eur. J. Nutr. 2020.
[CrossRef] [PubMed]

Chalvon-Demersay, T.; Azzout-Marniche, D.; Arfsten, ].; Egli, L.; Gaudichon, C.; Karagounis, L.G.; Tomé, D.
A Systematic Review of the Effects of Plant Compared with Animal Protein Sources on Features of Metabolic
Syndrome. J. Nutr. 2017, 147, 281-292. [CrossRef]

Rienks, J.; Barbaresko, J.; N6thlings, U. Association of isoflavone biomarkers with risk of chronic disease and
mortality: A systematic review and meta-analysis of observational studies. Nutr. Rev. 2017, 75, 616-641.
[CrossRef]

Nachvak, S.M.; Moradi, S.; Anjom-Shoae, J.; Rahmani, J.; Nasiri, M.; Maleki, V.; Sadeghi, O. Soy, Soy
Isoflavones, and Protein Intake in Relation to Mortality from All Causes, Cancers, and Cardiovascular
Diseases: A Systematic Review and Dose-Response Meta-Analysis of Prospective Cohort Studies. J. Acad.
Nutr. Diet. 2019, 119, 1483-1500.e1417. [CrossRef]

Simental-Mendjia, L.E.; Gotto, A.M.; Atkin, S.L.; Banach, M.; Pirro, M.; Sahebkar, A. Effect of soy isoflavone
supplementation on plasma lipoprotein(a) concentrations: A meta-analysis. J. Clin. Lipidol. 2018, 12, 16-24.
[CrossRef]

Gruber, CJ.; Tschugguel, W.; Schneeberger, C.; Huber, J.C. Production and actions of estrogens. N. Engl.
J. Med. 2002, 346, 340-352. [CrossRef] [PubMed]

Xu, B.; Chibber, R.; Ruggiero, D.; Kohner, E.; Ritter, J.; Ferro, A.; Ruggerio, D. Impairment of vascular
endothelial nitric oxide synthase activity by advanced glycation end products. FASEB J. 2003, 17, 1289-1291.
[PubMed]

Vlachopoulos, C.; Aznaouridis, K.; Stefanadis, C. Prediction of cardiovascular events and all-cause mortality
with arterial stiffness: A systematic review and meta-analysis. J. Am. Coll. Cardiol. 2010, 55, 1318-1327.
[CrossRef] [PubMed]

Santo, A.S.; Santo, A.M.; Browne, RW.; Burton, H.; Leddy, J.J.; Horvath, S.M.; Horvath, PJ. Postprandial
lipemia detects the effect of soy protein on cardiovascular disease risk compared with the fasting lipid profile.
Lipids 2010, 45, 1127-1138. [CrossRef] [PubMed]

Micek, A.; Godos, J.; Brzostek, T.; Gniadek, A.; Favari, C.; Mena, P,; Libra, M.; Del Rio, D.; Galvano, E,;
Grosso, G. Dietary phytoestrogens and biomarkers of their intake in relation to cancer survival and recurrence:
A comprehensive systematic review with meta-analysis. Nutr. Rev. 2020, 79, 42-65. [CrossRef] [PubMed]
Qiu, S; Jiang, C. Soy and isoflavones consumption and breast cancer survival and recurrence: A systematic
review and meta-analysis. Eur. J. Nutr. 2019, 58, 3079-3090. [CrossRef]


http://dx.doi.org/10.1080/13697137.2016.1238451
http://dx.doi.org/10.1177/1934578X1601101127
http://dx.doi.org/10.3390/nu11112649
http://dx.doi.org/10.1016/S0955-2863(02)00172-9
http://dx.doi.org/10.1177/1934578X1701200439
http://www.ncbi.nlm.nih.gov/pubmed/30520611
http://dx.doi.org/10.1016/j.clnesp.2017.03.004
http://dx.doi.org/10.1177/2047487316686441
http://www.ncbi.nlm.nih.gov/pubmed/28067550
http://dx.doi.org/10.1097/GME.0000000000001622
http://www.ncbi.nlm.nih.gov/pubmed/32881829
http://dx.doi.org/10.1007/s00394-020-02300-6
http://www.ncbi.nlm.nih.gov/pubmed/32529287
http://dx.doi.org/10.3945/jn.116.239574
http://dx.doi.org/10.1093/nutrit/nux021
http://dx.doi.org/10.1016/j.jand.2019.04.011
http://dx.doi.org/10.1016/j.jacl.2017.10.004
http://dx.doi.org/10.1056/NEJMra000471
http://www.ncbi.nlm.nih.gov/pubmed/11821512
http://www.ncbi.nlm.nih.gov/pubmed/12738813
http://dx.doi.org/10.1016/j.jacc.2009.10.061
http://www.ncbi.nlm.nih.gov/pubmed/20338492
http://dx.doi.org/10.1007/s11745-010-3487-z
http://www.ncbi.nlm.nih.gov/pubmed/20981505
http://dx.doi.org/10.1093/nutrit/nuaa043
http://www.ncbi.nlm.nih.gov/pubmed/32632445
http://dx.doi.org/10.1007/s00394-018-1853-4

Nutrients 2020, 12, 3853 24 of 25

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Zhao, T.T; Jin, F; Li, ].G.; Xu, Y.Y,; Dong, H.T.; Liu, Q.; Xing, P.; Zhu, G.L.; Xu, H.; Miao, Z.F. Dietary
isoflavones or isoflavone-rich food intake and breast cancer risk: A meta-analysis of prospective cohort
studies. Clin. Nutr. 2019, 38, 136—145. [CrossRef]

Zhong, X.S.; Ge, J.; Chen, S.W.; Xiong, Y.Q.; Ma, S.J.; Chen, Q. Association between Dietary Isoflavones in
Soy and Legumes and Endometrial Cancer: A Systematic Review and Meta-Analysis. J. Acad. Nutr. Diet.
2018, 118, 637-651. [CrossRef]

Liu, J.; Yuan, F; Gao, ].; Shan, B.; Ren, Y.; Wang, H.; Gao, Y. Oral isoflavone supplementation on endometrial
thickness: A meta-analysis of randomized placebo-controlled trials. Oncotarget 2016, 7, 17369-17379.
[CrossRef]

Grosso, G.; Godos, J.; Lamuela-Raventos, R; Ray, S.; Micek, A.; Pajak, A.; Sciacca, S.; D’Orazio, N.; Del Rio, D.;
Galvano, F. A comprehensive meta-analysis on dietary flavonoid and lignan intake and cancer risk: Level of
evidence and limitations. Mol. Nutr. Food Res. 2017, 61, 1600930. [CrossRef]

Hua, X.; Yu, L.; You, R.; Yang, Y.; Liao, J.; Chen, D. Association among Dietary Flavonoids, Flavonoid
Subclasses and Ovarian Cancer Risk: A Meta-Analysis. PLoS ONE 2016, 11, e0151134. [CrossRef] [PubMed]
Perez-Cornago, A.; Appleby, P.N.; Boeing, H.; Gil, L.; Kyre, C.; Ricceri, F; Murphy, N.; Trichopoulou, A.;
Tsilidis, K.K.; Khaw, K.T.; et al. Circulating isoflavone and lignan concentrations and prostate cancer risk:
A meta-analysis of individual participant data from seven prospective studies including 2,828 cases and
5,593 controls. Int. J. Cancer 2018, 143, 2677-2686. [CrossRef] [PubMed]

Applegate, C.C.; Rowles, J.L.; Ranard, K.M.; Jeon, S.; Erdman, ].W. Soy Consumption and the Risk of Prostate
Cancer: An Updated Systematic Review and Meta-Analysis. Nutrients 2018, 10, 40. [CrossRef] [PubMed]
Zhang, Q.; Feng, H.; Qluwakemi, B.; Wang, ].; Yao, S.; Cheng, G.; Xu, H.; Qiu, H.; Zhu, L.; Yuan, M.
Phytoestrogens and risk of prostate cancer: An updated meta-analysis of epidemiologic studies. Int. ]. Food
Sci. Nutr. 2017, 68, 28-42. [CrossRef] [PubMed]

He, X.; Sun, L.M. Dietary intake of flavonoid subclasses and risk of colorectal cancer: Evidence from
population studies. Oncotarget 2016, 7, 26617-26627. [CrossRef]

Yu, Y,; Jing, X.; Li, H.; Zhao, X.; Wang, D. Soy isoflavone consumption and colorectal cancer risk: A systematic
review and meta-analysis. Sci. Rep. 2016, 6, 25939. [CrossRef]

Jiang, R.; Botma, A.; Rudolph, A.; Hising, A.; Chang-Claude, ]J. Phyto-oestrogens and colorectal cancer
risk: A systematic review and dose-response meta-analysis of observational studies. Br. |. Nutr. 2016,
116, 2115-2128. [CrossRef]

You, J.; Sun, Y;; Bo, Y.;; Zhu, Y.; Duan, D.; Cui, H,; Lu, Q. The association between dietary isoflavones
intake and gastric cancer risk: A meta-analysis of epidemiological studies. BMC Public Health 2018, 18, 510.
[CrossRef]

Dong, J.Y.; Qin, L.Q. Soy isoflavones consumption and risk of breast cancer incidence or recurrence:
A meta-analysis of prospective studies. Breast Cancer Res. Treat. 2011, 125, 315-323. [CrossRef]
Zamora-Ros, R.; Knaze, V.; Rothwell, ].A.; Hémon, B.; Moskal, A.; Overvad, K.; Tjenneland, A.; Kyre, C.;
Fagherazzi, G.; Boutron-Ruault, M.C; et al. Dietary polyphenol intake in Europe: The European Prospective
Investigation into Cancer and Nutrition (EPIC) study. Eur. . Nutr. 2016, 55, 1359-1375. [CrossRef]

Bardin, A.; Boulle, N.; Lazennec, G.; Vignon, E; Pujol, P. Loss of ERbeta expression as a common step in
estrogen-dependent tumor progression. Endocr. Relat. Cancer 2004, 11, 537-551. [CrossRef] [PubMed]
Daily, ].W.; Ko, B.S.; Ryuk, J.; Liu, M.; Zhang, W.; Park, S. Equol Decreases Hot Flashes in Postmenopausal
Women: A Systematic Review and Meta-Analysis of Randomized Clinical Trials. ]. Med. Food 2019,
22,127-139. [CrossRef] [PubMed]

Chen, M.N; Lin, C.C; Liu, C.F. Efficacy of phytoestrogens for menopausal symptoms: A meta-analysis and
systematic review. Climacteric 2015, 18, 260-269. [CrossRef] [PubMed]

Li, L.; Lv, Y;; Xu, L.; Zheng, Q. Quantitative efficacy of soy isoflavones on menopausal hot flashes. Br. . Clin.
Pharmacol. 2015, 79, 593-604. [CrossRef]

Li,L.; Xu, L.; Wu,].; Dong, L.; Zhao, S.; Zheng, Q. Comparative efficacy of nonhormonal drugs on menopausal
hot flashes. Eur. J. Clin. Pharmacol. 2016, 72, 1051-1058. [CrossRef]

Sarri, G.; Pedder, H.; Dias, S.; Guo, Y.; Lumsden, M.A. Vasomotor symptoms resulting from natural
menopause: A systematic review and network meta-analysis of treatment effects from the National Institute
for Health and Care Excellence guideline on menopause. BJOG 2017, 124, 1514-1523. [CrossRef]


http://dx.doi.org/10.1016/j.clnu.2017.12.006
http://dx.doi.org/10.1016/j.jand.2016.09.036
http://dx.doi.org/10.18632/oncotarget.7959
http://dx.doi.org/10.1002/mnfr.201600930
http://dx.doi.org/10.1371/journal.pone.0151134
http://www.ncbi.nlm.nih.gov/pubmed/26960146
http://dx.doi.org/10.1002/ijc.31640
http://www.ncbi.nlm.nih.gov/pubmed/29971774
http://dx.doi.org/10.3390/nu10010040
http://www.ncbi.nlm.nih.gov/pubmed/29300347
http://dx.doi.org/10.1080/09637486.2016.1216525
http://www.ncbi.nlm.nih.gov/pubmed/27687296
http://dx.doi.org/10.18632/oncotarget.8562
http://dx.doi.org/10.1038/srep25939
http://dx.doi.org/10.1017/S0007114516004360
http://dx.doi.org/10.1186/s12889-018-5424-7
http://dx.doi.org/10.1007/s10549-010-1270-8
http://dx.doi.org/10.1007/s00394-015-0950-x
http://dx.doi.org/10.1677/erc.1.00800
http://www.ncbi.nlm.nih.gov/pubmed/15369453
http://dx.doi.org/10.1089/jmf.2018.4265
http://www.ncbi.nlm.nih.gov/pubmed/30592686
http://dx.doi.org/10.3109/13697137.2014.966241
http://www.ncbi.nlm.nih.gov/pubmed/25263312
http://dx.doi.org/10.1111/bcp.12533
http://dx.doi.org/10.1007/s00228-016-2090-5
http://dx.doi.org/10.1111/1471-0528.14619

Nutrients 2020, 12, 3853 25 of 25

90.

91.

92.
93.

94.

95.

96.

Franco, O.H.; Chowdhury, R.; Troup, ]J.; Voortman, T.; Kunutsor, S.; Kavousi, M.; Oliver-Williams, C.; Muka, T.
Use of Plant-Based Therapies and Menopausal Symptoms: A Systematic Review and Meta-analysis. JAMA
2016, 315, 2554-2563. [CrossRef]

Hairi, H.A.; Shuid, A.N.; Ibrahim, N.; Jamal, J.A.; Mohamed, N.; Mohamed, I.N. The Effects and Action
Mechanisms of Phytoestrogens on Vasomotor Symptoms During Menopausal Transition: Thermoregulatory
Mechanism. Curr. Drug Targets 2019, 20, 192-200. [CrossRef]

Magee, PJ. Is equol production beneficial to health? Proc. Nutr. Soc. 2011, 70, 10-18. [CrossRef]

EFSA Pannel on Food Additives and Nutrient Sources Added to Food (ANS). Risk assessment for peri- and
post-menopausal women taking food su pplements containing isola ted isoflavones. EFSA J. 2015, 13, 4246.
[CrossRef]

Duffy, C.; Perez, K ; Partridge, A. Implications of phytoestrogen intake for breast cancer. CA Cancer J. Clin.
2007, 57, 260-277. [CrossRef] [PubMed]

Schmidt, M.; Arjomand-Wolkart, K.; Birkhduser, M.H.; Genazzani, A.R.; Gruber, D.M.; Huber, J.; Kolbl, H.;
Kreft, S.; Leodolter, S.; Linsberger, D.; et al. Consensus: Soy isoflavones as a first-line approach to the
treatment of menopausal vasomotor complaints. Gynecol. Endocrinol. 2016, 32, 427-430. [CrossRef] [PubMed]
Matulka, R.A.; Matsuura, I.; Uesugi, T.; Ueno, T.; Burdock, G. Developmental and Reproductive Effects of
SE5-OH: An Equol-Rich Soy-Based Ingredient. J. Toxicol. 2009, 2009, 307618. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1001/jama.2016.8012
http://dx.doi.org/10.2174/1389450118666170816123740
http://dx.doi.org/10.1017/S0029665110003940
http://dx.doi.org/10.2903/j.efsa.2015.4246
http://dx.doi.org/10.3322/CA.57.5.260
http://www.ncbi.nlm.nih.gov/pubmed/17855484
http://dx.doi.org/10.3109/09513590.2016.1152240
http://www.ncbi.nlm.nih.gov/pubmed/26943176
http://dx.doi.org/10.1155/2009/307618
http://www.ncbi.nlm.nih.gov/pubmed/20107584
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Oral Intake and Occurrence 
	Bioavailability 
	Biological Activity 
	Bone Health Maintenance 
	Cardiovascular Risk 
	Cancer 
	Menopausal Symptoms 

	Side Effects and Safety 
	Concluding Remarks 
	References

